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Coughs and wheezes spread diseases:
but what about the environment?
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Interactions between viral infections, wheezing, atopy and asthma
in children

O
ne disagreeable part of growing
up is the inevitable encounters
with respiratory viruses which,

in about half the population, will have
led to at least one wheezing episode
before school age. For many the symp-
toms of wheeze are trivial and require
no or only intermittent treatment but,
for others, winter in particular turns
into a nightmare of recurrent hospital
admissions punctuated by brief periods
of perfect health before the next viral
infection takes hold. All concerned feel
powerless in both prevention and treat-
ment; for many families it is inevitable
that they use childcare facilities, a fertile
virological breeding ground. In any case,
the possible protective effects of viral
infections against later asthma (below)
should give pause for thought before
removing the child from the crèche.
Although there is some evidence that
intermittent high dose inhaled cortico-
steroids1 or oral montelukast2–4 may be
adequate treatment, many children with
viral associated wheeze end up being
prescribed several courses of oral pred-
nisolone each winter. The treatment of
severe preschool viral induced symp-
toms is among the most taxing and least
rewarding challenges in childhood
wheezing disorders.

The hypothesis generating paper by
Murray et al in this month’s Thorax
raises some hope for a potential new
preventive approach.5 This group has
extended previous work in adult asth-
matics6—in which they showed an
apparent synergy between viral infec-
tion, and allergen sensitization and
exposure—into a group of unselected
children with asthma, the youngest of
whom were 3 years old. In a multi-
variate analysis they showed that chil-
dren admitted to hospital with an
asthma exacerbation (but not stable
asthmatics or non-asthmatic controls)
were significantly more likely to be
infected with a respiratory virus and to
have been exposed to an allergen to
which they were sensitised. Before set-
ting this study in context, it is worth
rehearsing the relatively limited nature
of the conclusions that can be drawn at

the present time; like most of the best
papers there are more questions at the
end of the paper than before the work
started.

Firstly, although individually viral
infection and allergen sensitisation and
exposure were not significant in the
multivariate analysis, the confidence
intervals were wide and an increased
risk of .12-fold and .5-fold, respec-
tively, could have been missed. It would
be wrong for the reader to conclude that
the two together are always needed for
an asthma exacerbation. Likewise, the
absence of an effect of parental smoking
probably reflects the age of the patients
studied and might have been important
in a younger age group. Secondly, the
study group spans a wide age range and
probably different wheezing phenotypes
(see later). Finally, a longitudinal study
is required to show that allergen avoid-
ance will actually be of therapeutic
benefit in reducing viral exacerbations
of asthma; there have been too many
surprises in the field of allergen avoid-
ance to take anything for granted
untested. It should also be noted that
prophylactic inhaled corticosteroids—
excellent treatment for loss of asthma
control—have proved dismally disap-
pointing in the prevention of viral
induced exacerbations, at least in pre-
school children,7 which is perhaps not
what might have been predicted from
these postulated interactions. A cross
sectional study such as that performed
by Murray et al can only show that
taking (or, strictly speaking, being pre-
scribed) inhaled corticosteroids is asso-
ciated with a reduced risk of admission
to hospital, but it is not necessarily the
factor that is responsible for a reduction
in admissions.

Nonetheless, what this paper does is
to raise a series of testable hypotheses,
particularly in the taxing field of pre-
school wheeze. This editorial sets the
context for the findings of Murray et al
in terms of childhood wheezing pheno-
types and their potential modulation by
viral infections and allergens, before
discussing future studies needed to take
forward the work in clinical practice.

PRESCHOOL WHEEZING
PHENOTYPES
A number of prospective cohort studies
have delineated different patterns of
preschool wheeze, sometimes called
phenotypes.8–11 A phenotype may best
be defined as the clinical expression of
the interactions between an individual’s
genes and the environment,12 and these
may be very complex. The concept of
phenotypes may be more useful for
exploration of mechanisms than in
clinical practice because overlap syn-
dromes are much more common than
pure phenotypes. Nonetheless, cohort
studies have drawn attention to patterns
which may usefully guide treatment.

In general, wheeze with viral infections
only, with onset in the first 2 years of life
and no personal or family history of atopy,
is likely to abate before school age.13 Lung
function data would suggest that these
infants are born with airflow obstruction
but improve in the first 6 years of life.8

Atopy associated wheeze tends to have a
later onset, is characterised by wheeze
between viral colds, and persists into mid
childhood. These infants probably have
normal lung function at birth but develop
airflow obstruction by the age of 6 years8

which persists at least into the late
teenage years.14 Later onset non-atopic
wheeze persisting into childhood is less
usual and the aetiology is unclear.
Pathological data are much scantier than
physiological, but a recent study showed
no evidence of airway inflammation or
remodelling even in atopic infants with
bronchodilator reversibility who under-
went a bronchial biopsy at 1 year of age.15

In clinical practice, children frequently
present with features of more than one
pattern. The mechanisms that result in
either regression or progression of symp-
toms are poorly understood but are of
obvious importance. It is also clear that, in
children aged less than 5 years, it should
not be assumed that all wheezing dis-
orders are similar to each other or to mid
childhood and adult asthma, and this
needs to be considered when testing
hypotheses in this age group.

VIRUSES AND WHEEZING
There are a number of potential inter-
actions between infants and respiratory
viruses. It is indisputable that acute
infections with rhinoviruses and
respiratory syncytial virus (RSV) are a
common cause of acute wheeze in
infancy and childhood, irrespective of
atopic status. Acute infection with ade-
novirus in particular can cause not only
acute bronchiolitis but also later fixed
airflow obstruction (obliterative bronch-
iolitis). Whether latent viral infection
also occurs16 and causes later fixed
‘‘asthmatic’’ airflow obstruction is
unknown. It is hypothesised that early
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viral infection can be protective against
later asthma. In one study firstborn
infants placed in a crèche had more
wheezing episodes in the first year of
life but fewer at 6 years of age than
those looked after at home. An extra
protective effect over and above that of
sibship was not seen in infants with
older siblings.17 The hypothesis (and it is
only that) is that early virus infections
are protective, perhaps by initiating or
modulating a Th2 to Th1 switch.

Can viral infections cause asthma and/
or allergen sensitisation? This question
has been most studied in the context of
RSV bronchiolitis. Although not all would
agree,18 the best evidence is that, although
symptoms of cough and wheeze after RSV
bronchiolitis may persist into late child-
hood, they do abate and RSV does not
cause asthma or an increased risk of
atopy.19 It is arguable that there is nothing
special about RSV bronchiolitis, and the
so-called ‘‘post-bronchiolitic syndrome’’
is no more than what is likely after any
respiratory viral infection. Likewise,
despite animal evidence suggesting that
viral infections make allergic sensitisation
more likely,20 there are no human data to
support this concept.

DO ALLERGENS CAUSE MORE
THAN ALLERGY?
Murray et al5 have studied allergic sensi-
tisation as the mechanism whereby aller-
gens cause harm, but this may be too
narrow a focus. The same group, studying
non-sensitised adults with asthma,
showed that high levels of exposure to
Can d 1, but not Fel d 1, were associated
with worse bronchial hyperreactivity.21

The mechanism was unclear but was not
IgE mediated. In theory there could have
been some other host recognition
mechanism or cross-reactivity with a host
antigen which triggered airway damage,
but it is more likely that the intrinsic
properties of the allergen itself, indepen-
dent of triggering an allergic reaction,
were responsible. For example, Der p 1 is
one of a number of proteolytic enzymes
produced by the house dust mite which
may potentially cause damage to the
airway independent of allergic sensitisa-
tion. If that were the case, it raises the
intriguing possibility that allergen avoid-
ance may also be beneficial in the non-
atopic virus associated wheeze phenotype.

INTERACTIONS BETWEEN
VIRUSES AND ALLERGENS
In the very simplest terms, allergens in an
allergic sensitised individual are likely to
cause eosinophilic airway inflammation,
whereas viruses would be predicted to
cause airway neutrophilia or possibly
neurogenic inflammation.22 If this is so,
how do these disparate types of inflam-
mation interact? And would the same

effect be seen with other potential causes
of airway neutrophilia such as cigarette
smoke? It is known that active smoking
induces a state of relative steroid resis-
tance;23–25 might it also worsen the effects
of allergen exposure to contribute to
asthma exacerbations? Could passive
smoking have the same effect?

FUTURE WORK
Where does the work by Murray et al take
us? Clearly, the next step is an interven-
tion study. One possible design, akin to a
recent trial of steroids in preschool
children,26 would be to randomise chil-
dren admitted to hospital with a proven
viral exacerbation of asthma to an aller-
gen avoidance programme or placebo
measures. Although it would be impor-
tant to document allergic sensitisation
prospectively by skin prick testing, I
would include non-atopic and non-sensi-
tised children in the study with a planned
subgroup analysis of this group. It would
be important to examine the pattern of
wheezing (only virus associated v viral
and interval wheeze) and also the success
(or otherwise) of the allergen exclusion
measures. The potential importance of
cigarette smoke exposure should not be
forgotten, particularly in younger
patients; by analogy with occupational
asthma, passive smoke may unfavourably
modulate the interactions (in the broad-
est sense) between allergens and airways.
I would try to use objective measures of
lung function; even some quite young
children can perform spirometry27 and
other lung function tests.28 If it could be
shown that allergen avoidance reduced
viral exacerbations in both atopic sensi-
tised and non-atopic children, particularly
in the preschool age group, that would
indeed be a major advance.
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